Objective: There is increasing evidence for an association between asthma and body weight change. The objectives of these analyses were to examine the temporal relationships of this association and to explore the role of childhood depression as an explanatory factor. Methods: Data were derived from six subsequent semistructured interviews on health habits and health conditions from a single-age community study of 591 young adults followed up between ages 20 and 40 years. Results: Cross-sectionally (over the whole study period), asthma was significantly associated with obesity (odds ratio ¼ 3.9 [95% confidence interval 1.2, 12.2]). Multivariate longitudinal analyses revealed that asthma was associated with increased later weight gain and later obesity among women after controlling for potentially confounding variables, whereas weight gain and obesity were not associated with later asthma. A secondary analysis showed that depressive symptoms during childhood were associated with adult obesity and asthma, partially explaining the asthma-obesity comorbidity. Conclusion: This study encourages further research on mechanisms underlying the asthma-obesity comorbidity, particularly on shared psychosocial factors operating during critical periods in childhood and adolescence that may influence the development and persistence of both obesity and asthma during adulthood.
Introduction
Asthma and obesity are major health problems that have increased in the last 20 years or more. An association between asthma and increased weight was first reported in the 1980s and subsequent reports confirmed this association. 1 Longitudinal studies consistently showed that the incidence of asthma was related to pre-existing obesity and to excessive weight gain. [2] [3] [4] Likewise, reductions in obesity, both medically and surgically, have resulted in improvements in asthma symptoms, medication usage and severity, and in multiple aspects of pulmonary function in every study that has evaluated these outcomes. 5, 6 However, improved lung function as a result of the weight loss program was not accompanied by an improvement in airway responsiveness. 7 In addition to the onset of new disease, the persistence of asthma during adolescence has also been associated with obesity. 8 In cross-sectional studies of asthmatics, severity is reported to increase with increasing body size, 9 although this increase may be the result of a greater reporting of symptoms at similar levels of pulmonary functions. 10 Several mechanisms underlying the asthma-obesity comorbidity have been proposed: 11 obesity-related mechanical factors may increase airway hyper-responsiveness, systemic inflammation may be involved in the pathophysiology of both obesity and asthma, sex steroids may explain sex differences in asthma-obesity associations, dysfunctions of the sympathetic nervous system may be a link between asthma and obesity and common genetic factors (e.g., beta-2-adrenergic receptor or glucocorticoid receptor gene polymorphism) may increase risk of both conditions. Although psychosocial variables were found to play important roles in the development and persistence of asthma 12 and obesity, 13 these variables have not been considered as shared risk factors in studies on the asthmaobesity comorbidity. Specifically, depression during childhood has been associated with an increased risk of onset and recurrence of both asthma 12 and obesity. 13, 14 Additionally, pathophysiological mechanisms that may underlie asthma-obesity associations, including dysfunctions of the catecholaminergic system, dysfunctions of the hypothalamic-pituitary-adrenocortical (HPA) system and systemic inflammation, 1 are also critically involved in the pathophysiology of clinical depression. 15, 16 The first objective of this study was to examine temporal relationships between asthma activity and both body weight change and obesity. Based on studies showing that excessive weight gain and obesity increased risk of asthma incidence, 2 we expected that excessive weight gain and obesity also increased risk of active asthma (including incidence and recurrence). The second objective was to explore the role played by depressive symptoms during childhood in asthmabody weight associations. We used data from a prospective community study on the development of medical and psychiatric conditions collected over a 20-year follow-up period. Owing to the comprehensive assessment of health habits and psychosocial factors, we were able to control the results for various potentially confounding variables.
Methods

Sample
The Zurich Cohort Study comprises 4547 subjects (2201 males; 2346 females) representative of the canton of Zurich in Switzerland, who were assessed in 1978 with a psychological symptom questionnaire, the Symptom Checklist 90-R, 17 and a questionnaire for sociodemographic data. In order to increase the probability of somatic and psychological syndromes, a subsample of 591 subjects (292 males, 299 females) was selected for interview, with two-thirds consisting of high scorers (defined by the 85th percentile or more of the SCL-90-R) and a random sample of those with scores below the 85th percentile. The ethics committee of the University of Zurich approved this study, and informed consent was obtained from subjects according to the requirements of the Swiss National Science Foundation. As shown in Figure 1 , the screening took place in 1978 at age 19, the first and second interviews in 1979 and 1981, the third and fourth interviews in 1986 and 1988, the fifth interview in 1993 and the sixth in 1999. Asthma and body weight were consistently assessed at each interview, but not at the screening in 1978 and not at the assessment in 1980.
Across 20 years, 62.1% of the original sample continued to participate in the study, and of these, the following proportions participated in specific numbers of interviews: 47% in all six interviews; 63% in five interviews; 74% in four interviews; 82% in three interviews and 91.4% in at least two interviews. To be included in the longitudinal analyses, a participant had to complete at least two interviews. Those who had dropped out did not differ significantly from the 1999 participants regarding the risk group at study entry 18 or the major variables of this study at baseline (analyzed by w 2 tests): asthma (P ¼ 0.52), allergic rhinitis (P ¼ 0.78), smoking (P ¼ 0.81) and obesity (P ¼ 0.58). Women participated more regularly and more frequently in interviews than men, but men showed higher rate of recurrence to the study ('hoppers') than women. 18 
Diagnostic interview
The diagnostic instrument used in the Zurich study was the Structured Psychopathological Interview and Rating of the Social Consequences for Epidemiology (SPIKE), a semistructured interview for psychiatric and medical conditions and health habits that was developed for epidemiological studies. 19 Health professionals with extensive clinical training administered the SPIKE in the participants' homes. 20 This interview schedule assesses a number of somatic diseases including asthma and hay fever. In addition, it assesses a wide range of psychiatric disturbances. Personal and family history of the syndromes was assessed for all subjects, irrespective of endorsement of the diagnostic screening question for each section. Diagnoses of psychiatric disorders were made by algorithms based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III, DSM-III-R and DSM-IV). 21, 22 The level of physical activity was assessed by interview in the first three interviews based on frequency ratings of sports activity, walking and watching television.
Assessment of asthma
As asthma is a chronic disease that typically develops in childhood and adolescence (i.e., before the first interview of the present study), we primarily modeled disease activity instead of disease incidence. At each interview, subjects were Asthma and body weight change G Hasler et al asked about the occurrence of allergic rhinitis, urticaria, eczema, asthma attacks or asthma-like breathing problems in the last 12 months. In addition, at each interview the participant was asked if a physician had ever given them the diagnosis of asthma. Following the method of a previous paper on the same data set, 23 a person was considered to have active asthma at a specific interview if he/she met two criteria: first, reported asthma attacks or asthma-like breathing problems during the 12 months before the interview, and second, reported ever receiving physician's diagnosis of asthma at any interview. All subjects diagnosed with asthma also reported treatment by a physician for asthma, and 95.3% of them received anti-asthma medication during at least one of the 12-month period covered by the interviews.
Assessment of body mass index
Body mass index (BMI) (weight in kg/height in m 2 ) is frequently used to estimate body fat in clinical practice and epidemiological research, partially because of the ease with which it is measured. Among middle-aged adults, BMI is strongly correlated with fat mass measured densitometrically and adjusted for height (r is approximately 0.9 for both men and women). 24 While a majority of studies show that people, particularly women, tend to exaggerate their height and underestimate their weight, which would underestimate BMI, a Swiss national survey showed that BMI underreporting is age dependent and is minimal in young adults between ages 20 and 40 years. 25 For the Zurich Cohort Study, height was determined by self-report in 1979 and weight was determined by self-report at each interview. We defined two weight categories: obesity as having a BMIX30 kg/m 2 , and non-obesity as having a BMIo30 kg/m 2 .
Assessment of childhood depressive symptoms
During the first interview at age 20/21, subjects were given a detailed description of the depressive syndrome (depressed mood, sadness, loss of energy, feelings of worthlessness, loss of interest in almost all activities, lack of reactivity to usually pleasurable stimuli, suicidal ideation) and were encouraged to ask questions about the syndrome. Irrespective of diagnostic status, subjects were asked about the presence of past depressive symptoms. If subjects endorsed past symptoms of depression, the interviewers carefully determined the age when the first depressive symptoms occurred and collected data on impairment and treatment of these symptoms. Following the method of a previous paper on the same data set, 13 we defined childhood depressive symptoms as those with an onset before age 17 years (dichotomous variable).
Statistical analyses
The cross-sectional association between asthma and obesity was evaluated at each interview and over the 20-year period.
These analyses were weighted to reflect the original sample (N ¼ 4547). Longitudinal analyses were not weighted. In the longitudinal analyses, we used active asthma as the first outcome using weight change and obesity as exploratory variables. Next, we used weight gain (between two adjacent interviews) and obesity as outcomes including preceding asthma as an explanatory variable. Potentially confounding variables were selected on the basis of previous studies on asthma 23 and body weight 26, 27 :
allergic rhinitis, levels of physical activity (watching television, frequency of sports activity, frequency of walking/ hiking), educational level, socioeconomic status, parental income, household income, family history of weight problems, family history of allergy, parity (in women), use of antidepressants, adult depressive disorders, panic disorder, anxious temperament, aggressive temperament, binge eating, smoking, alcohol consumption and diagnoses of drug abuse/dependence. We did not include childhood variables in the primary analyses as they were based on retrospective data and important childhood health information including body weight was not available. The number of potentially confounding variables was reduced following the method proposed by Kleinbaum and Klein 28 (backward elimination by monitoring changes in the effect measures). Tables 2-5 show the variables left in the final models. All analyses were also adjusted for baseline measures of the outcome variable, sex and stratified sampling (0 ¼ SCL-90-R low scorer, 1 ¼ SCL-90-R high scorer).
To account for the correlated outcomes from longitudinal observations on the same subject, we calculated robust estimates of repeated measures by generalized estimating equations 29 with subject as cluster, and a first-order autoregressive within-cluster correlation structure for binary outcome variables. For correlated continuous outcomes (repeated weight gain measures), estimates were derived from random effects model on repeated measures (BMI change rate) with subject as random effect, subject as cluster and a first-order autoregressive within-cluster correlation structure. Analyses were conducted in males and females separately. We used SAS for Windows release 9.1 (SAS Institute Inc., Cary, NC, USA).
Results
The 12-month prevalence of active asthma ranged between 2.0 and 5.2% and the prevalence of obesity increased from 1.0% at the 1979 interview to 8.2% at the 1999 interview (Table 1) . Asthma was reported by 21.8% of obese subjects, whereas 23.2% of asthmatics were obese. Combining data from all six interviews, asthma was significantly associated with obesity (odds ratio (OR) ¼ 3.9 [95% confidence interval (CI) 1.2, 12.2]). Figure 2 shows the average weight change rate (BMI/year) over the whole study period adjusted for baseline BMI and Asthma and body weight change G Hasler et al stratified sampling, classified by sex and asthma status. Weight change rate was higher in males than in females. Asthmatics showed more average weight gain in both males and females, whereas this difference was more prominent in females than in males.
Multivariate longitudinal asthma-body weight associations Initially, we tested for the relatedness of variables at baseline: asthma at baseline was not associated with baseline BMI, obesity, or mood and anxiety variables. Scoring high on the SCL-90-R at baseline (high risk sample) was not associated with having asthma at baseline (OR ¼
]).
Neither body weight change rate (BMI/year), measured between the two interviews preceding the assessment of asthma activity, nor obesity was related to an increased risk of future active asthma (Tables 2 and 3 ). However, allergic rhinitis, panic disorder and smoking status predicted subsequent asthma activity (Table 2) . Secondary analyses in an asthma-free cohort at baseline showed that obesity and weight gain were not associated with the first onset of asthma (data not shown in this paper). In contrast, asthma was associated with subsequent increased weight gain among women after controlling for potentially confounding variables (Table 4) . Likewise, asthma increased the risk of obesity in women. In men, there was a tendency for an association between asthma and later obesity after controlling for potentially confounding variables (Table 5) . Secondary analyses revealed that there was no significant interaction between sex and asthma related to subsequent weight gain (P ¼ 0.49) and obesity (P ¼ 0.54), and that allergic rhinitis was not associated with later weight gain (P ¼ 0.97). Variances of the regression parameters and ORs were computed using the Taylor expansion approximation 41 correcting for the weighting of the sample. b Prevalence rates were weighted back to reflect the original sample (N ¼ 4547).
Childhood depressive symptoms
c None of the subjects with symptomatic asthma were obese in the same year. *Po0.05. Figure 2 Least-squared means of average weight change rate over the whole study period (age 20-40 years) adjusted for baseline BMI and stratified sampling, classified by sex and asthma status. The individual average weight change rate and its standard error were estimated by the slope coefficient derived from simple linear regression model for each subject in which his or her assessed BMI values was the dependent variable and the age at the time of the BMI assessments the independent variable. The adjusted weight change rates were statistically different between asthmatics and non-asthmatics in women (Po0.05), but not in men (P ¼ 0.23). f Weight change defined as BMI change rate per year between the end of the asthma assessment period (12 months) and the time of the following interview. *Po0.05; **Po0.01; ***Po0.001. 
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Discussion
In this prospective community study of young adults, we examined cross-sectional and longitudinal associations between asthma and body weight. Cross-sectionally, we found the expected asthma-obesity association. Longitudinally, we found strong and consistent associations showing how asthma preceded weight gain and obesity, whereas weight gain or obesity did not predict subsequent asthma activity. Asthma-body weight associations remained strong and significant after controlling for potentially confounding variables including levels of physical activity, smoking and a family history of weight problems. Depressive symptoms during childhood explained a considerable part of the asthma-obesity association.
Previous longitudinal epidemiological research has provided evidence for higher weight/BMI or weight gain to precede and predict the incident of asthma diagnosis or asthma symptoms in children 3, 30 and adult women. 2, 4 One previous study reported that the incidence of asthma over a 10-year period was highest in the group with the largest increase in BMI over this same time period. 4 Another longitudinal study reporting on data collected between 9 and 26 years of age found that the BMI only predicted the incidence of asthma in females, and this relationship only appeared in late adolescence. 31 Neither of these studies reported data on the incidence of asthma after weight gain. The observation that important increases in fat mass emerge later in men than in women 13, 31 may explain some inconsistent gender differences in the asthma-obesity association. The causal nature of this association is still uncertain as the association between atopy and obesity is inconsistent among published studies. 31, 32 Obesity is associated with lung changes (e.g., decreased lung volumes, decreased CO diffusion, and bronchodilation after Ventolin challenge 33 ). These lung changes, which may manifest as the symptoms diagnosed as asthma, probably are the result of mechanical changes from obesity. Unfortunately, these cohorts were only evaluated as to the question of body size preceding the incidence of asthma and this study evaluated disease activity. The risk factors of disease incidence may considerably differ from risk factors of disease activity. 34 Psychological disturbances in childhood can have longterm profound impact on a child's future health and development. Recent epidemiological studies suggest relatively strong longitudinal associations between depressive symptoms during childhood and adolescence and the development of later obesity in women. 13, 14 The current study adds to previous reports that childhood depressive symptoms may also explain some of the asthma-obesity comorbidity. The strengths of this study include the community-based sample, as clinic-based studies are subject to selection biases; the longitudinal study design allowed for distinguishing antecedent (predictors) from consequent (outcomes); and the results of this study expand the findings of a previous longitudinal community study. As there are no generally accepted objective measurements of asthma that are appropriate for population-based studies, self-report of a physician's diagnosis, as used in this study, seems to be adequate and consistent with recent state-of-the-art epidemiological studies in asthma; and the lack of positive association between risk for psychological syndromes (SCL-90-R high scorer sample vs SCL-90-R low scorer sample) and asthma along with previous evidence for a lack of association between depressive and anxiety symptoms and self-reported diagnosis of asthma 35 supports the reliability of the asthma data as used in the present study. However, several methodological limitations must be addressed: the assessments of asthma symptoms, asthma diagnosis, body height and weight were based on self-report, the relatively small number of very heavy individuals and no objective measures were available to validate the self-reported data; underestimation of body weight, particularly in women, may have led to underestimation of asthma-body weight associations; the study did not include sufficient information on asthma severity, treatment issues or physical activity; and the assessment of childhood symptoms were based on retrospective recall. As asthma is a chronic condition that typically develops in childhood and adolescence (i.e., before the first interview of the present study), we primarily modeled disease activity instead of disease incidence to ensure good reliability and power of the analyses. Additional limitations may reduce the generalizability of the results. These include the inclusion of a single age cohort, an attrition rate of 38% and a sampling method that increased the probability of psychiatric disorders. Mechanisms that may explain associations between asthma and later weight gain include a potential weight increase following pharmacological asthma treatment in women. 36 Additionally, studies in children with asthma have found them to be less physically fit than non-asthmatics, which could not be accounted for by their lung disease. 37 Over the long term, a lack of physical fitness could pre-dispose one to weight gain. Unfortunately, detailed information on asthma treatment was not available, and the level of physical activity was based on data from interviews in 1981 and 1986, making it impossible to test the relationship between asthma and physical activity over time. It is important, however, to be aware that even a specific temporal order between two conditions may occur in the absence of any causal relationships between them. 34 Moreover, the results of the present study do not exclude the possibility that the association Asthma and body weight change G Hasler et al between asthma and obesity is in part owing to an increased risk of asthma in overweight subjects. Shared pathophysiological mechanisms that may underlie asthma-obesity associations, including dysfunctions of the catecholaminergic system, dysfunctions of the HPA system and systemic inflammation, 5, 38 are also critically involved in the pathophysiology of clinical depression. 15, 16 The relatively specific association between childhood depression and adult asthma and obesity, in the absence of associations between adult depression and asthma/obesity, found in the present study suggest that the neurobiology of depression in children and adolescents may considerably differ from adultonset depression. 39 While depressive symptoms in individuals with chronic health conditions, including asthma and obesity, may represent unspecific disease-related stress symptoms and side effects of long-term treatments, depression in childhood and adolescence might have an impact on mechanisms that entrain the long-term development of the body fat mass and respiratory function.
In conclusion, the results of the present study are in line with previous reports arguing against a unidirectional causal explanation of the asthma-obesity comorbidity, 38 and adds evidence to the argument that the increase in obesity has not caused the rising trend in asthma prevalence. 40 Our findings encourage further research into the potential roles played by shared psychosocial factors operating during critical periods in childhood and adolescence that may influence the development and persistence of both obesity and asthma during adulthood.
